The aim of this study was to determine the probiotic properties of Lactococcus lactis subsp. lactis LL27, namely its resistance to bile salt, pepsin, pancreatin, acid and antibiotics. Moreover, the ability of L. lactis to inhibit the adhesion of Escherichia coli ETEC and Salmonella Typhimurium SL1344 to Caco-2 cells were examined and also the hydrophobicity, iron-ion chelating ability, and determination of α,α-diphenyl-β-picrylhydrazyl (DPPH) radical-scavenging ability of the organism were investigated. L. lactis LL27, nisin A producer, was able to inhibit the growth of Gram-positive bacteria including spoilage and pathogenic strains. L. lactis LL27 exhibited high levels of resistance to low pH, bile salts, pepsin and pancreatin, which are conditions characteristic of the gastrointestinal tract environment. LL27 was found to adhere to Caco-2 and CCL-221 cell lines at a rate of 13 ± 2.3% and 29 ± 2.6%, respectively. In addition its presence reduced the ability of pathogenic bacterial species Escherichia coli ETEC and Salmonella Typhimurium SL 1344 to adhere to Caco-2 cells. The hydrophobicity, DPPH radical-scavenging activity and iron ion-chelating ability of the tested LL27 were found to be 83.48 ± 1.45%, 75 ± 3% and 29.5 ± 3%, respectively. Scanning electron microscopy revealed the LL27 to be located inside Caco-2 and CCL-221 mammalian cells. These findings suggested that L. lactis LL27 has good probiotic properties and could be used in functional foods.
Introduction
the genus Lactocccus belongs to the lactic acid bacteria (lAB) group characterized by the ability to convert fermentable carbonhydrates into lactic acids (52) . Members of lAB are Gram positive, homofermentative, catalase-negative organisms and have acquired the "generally regarded as safe" (GRAS) status (6) . lactococci can occur naturally in plant materials and fermented foods (18, 56) . two members of the Lactococcus genus: L. lactis subsp. lactis and L. lactis subsp. cremoris, are used as starter culture strains since they are non-pathogenic, control the fermentation process of food, and produce a wide range of bacteriocins (46, 53) . nisin is produced by some strains of L. lactis and is the only industrially relevant bacteriocin (48, 58) . nisin is a peptide composed of 34 amino acid residues and has a molecular mass of 3.5 kDa (23, 31) . it is widely used as a biopreservative in the food industry and in health care products (23, 48) .
in recent years, there has been emphasized attention on the probiotic activity of lactic acid bacteria. Probiotics are live microorganisms which, when administered in adequate amounts, confer a health benefit on the host (16) . There have been few studies on the probiotic activity of lactococci since they are generally used as starter cultures and they have been thought not to survive in the gastrointestinal (Gi) tract (27) . however several researchers have established that lactococcal strains are present in the human and animal Gi tract (19, 26, 27, 28) .
the ability of probiotic strains to attach to the intestinal surface is essential for their long persistence within the Gi tract.
Since it is difficult to investigate bacterial adherence in vivo, adhesion studies have been performed by using intestinal cell lines of human origin as in vitro model systems for intestinal epithelium (54) . Following the attachment to these cultured intestinal cells, lactococcal strains exhibit good hydrophobicity and aggregation properties (8, 11) . it has been suggested that the ability of a lactococcal strain to adhere to intestinal cells is associated with the hydrophobicity of the strain (15) .
Oxidative stress can be defined as an excess of reactive oxygen species (RoS) that have strong oxidizing potential for cells (41) . Many lactic acid bacteria possess enzymatic and non-enzymatic antioxidative mechanisms and minimize the generation of RoS to levels that reduce the harm to cells. Antioxidant enzymes play a critical role in the defense against RoS (12) . in addition to enzymatic defense systems, microorganisms have developed another mechanism which involves control of the uptake and storage of transition metal ions. hydrogen peroxide and superoxide anion react with the iron ion to produce a powerful oxidant, the hydroxyl radical, via the Fenton reaction (38) .
in this study we investigated the survival of nisin A producer L. lactis subsp. lactis ll27 under conditions in which the Gi tract is simulated with characteristics such as low ph and the presence of bile salts and pancreatin. in addition, we studied 
PROBIOTIC AND ANTIOXIDATIVE PROPERTIES OF L. LACTIS LL27 ISOLATED FROM MILK

Materials and Methods
Bacterial strains
Lactococcus lactis subsp. lactis ll27 was isolated from a cow milk sample collected from turkey. indicator strains used in the determination of inhibitory activity of ll27, and strains, S. enterica serotype typhimurium Sl1344 and Escherichia coli etec, used in examination of adhesion ability to caco-2 cells were obtained from Ankara University, Faculty of Science, Department of Biology culture collection (Ankara, turkey) ( Table 1) . Bacterial stocks were stored at -80°c in their appropriate broths supplemented with 20% glycerol.
Antimicrobial activity
Antimicrobial activitiy of ll27 was tested against the indicator bacterial strains listed in Table 1 by using the well-diffusion method described by tagg and McGiven (49) .
Antibiotic resistance the antibiotic susceptibility of ll27 was determined by the disk diffusion method (4). After 18 h incubation at 30°c, the cell density of the ll27 strain was adjusted to approximately 1×10 6 cfu/ml. the ll27 strain was inoculated into 1% (v/v) GM17 soft agar, mixed gently, and then poured onto GM17 agar plates to form a bottom agar. Antibiotic disks (see Table  2 and Table 3 for the various antibiotics used) were placed aseptically onto the agar surface and incubated at 30°c for 18 h. the diameters of the clear zones of growth inhibition were recorded. Minimal inhibitory concentration (Mic) values of antibiotics were determined using the clinical laboratory Standards institute Protocol M27-A for antibiotics which had no clear inhibition zones ( Table 3 ).
Survival at different pH levels
to determine the survival of ll27 at different ph levels, the method described by conway et al. (9) was used with some modifications. L. lactis subsp. lactis ll27 was grown in GM17 broth media for 18 h at 30°c and cells were harvested by centrifugation (3000×g, 10 min, 4°c). cell pellets were washed twice with sterile neutral phosphate buffer solution (PBS: nacl, 8 g; Kcl, 0.2 g; na 2 hPo 4 , 1.44 g; K 2 hPo 4 , 0.24 g; final volume adjusted to 1000 mL using dH 2 o), and then cells divided into three containers and resuspended in sterile PBS adjusted to ph 2, ph 3 and ph 7.2 with 5M hcl respectively. the ph-adjusted cell samples were incubated at 30°c for 4 hours with aliquots collected every 30 minutes during this time period. collected samples were serially diluted in PBS, and 100 µl of each dilution was inoculated onto GM17 agar plates. the number of surviving cells was determined by a plate count procedure after overnight incubation at 30°c. All experiments were performed in triplicate. Survival in the presence of pepsin, pancreatin and bile salt the resistance of ll27 to pepsin (Merck, Germany), pancreatin (Merck, Germany) and bile salt (Sigma, USA) was examined by the method of charteris et al. (7) . the harvested and PBS washed bacterial cells were separately inoculated in PBS adjusted to ph 2 and ph 3 containing 3% pepsin, PBS adjusted to ph 8 containing 1% pancreatin and GM17 broth containing 0.3% (w/v) bile salt. During the incubation at 30°c, samples were collected at 0 h, 1.5 h and 3 h of incubation for the pepsin treatment, and at 0 h and 4 h of incubation for pancreatin and bile salt resistance assays. the number of surviving cells was determined by a plate count protocol on GM17 agar plates. PBS at ph 7.2 was used as control. For the adhesion assays, monolayers of cells were prepared on plastic coverslips placed in 6-well tissue culture plates. cells were seeded at a concentration of 4×10 5 cells/well. Bacteria to be tested were obtained from 18 h culture in GM17 broth, harvested by centrifugation and washed twice with PBS. Bacterial cells were resuspended in PBS to produce 10 9 cfu/ml per assay. After washing the caco-2 and ccl-221 cells twice with PBS, the ll27 strain was added to each well and incubated at 37°c for 1 h in 5% co 2 . the monolayers were washed twice with PBS to remove unattached bacteria, and then fixed with May-Grünwald solution before staining with Giemsa. Stained coverslips were examined microscopically. Analyses were performed in fi ve independent experiments, each conducted in duplicate.
Caco-2 cells and CCL-221 cell cultures and adhesion assay
Inhibition of pathogens adhesion to Caco-2 cells
the adhesion inhibition assay was performed by the method of Maragkoudakis et al. (33) with S. enterica serotype typhimurium Sl1344 and E. coli etec strains. overnight bacteria cultures were harvested by centrifugation (3500×g at 4°c for 10 min), and after washing two times with PBS (ph 7.2), the cell pellet resuspended in non-supplemented DMeM to achieve a population of 10 8 cfu/mL. Caco-2 cells were fi rst challenged with the ll27 strain. the two-week cultured caco-2 cells were washed twice with PBS, and 1 ml of ll27 strain cells was transferred to each well and incubated at 37°c in a 5% co 2 / 95% air for 90 min. Following the incubation, caco-2 monolayers were washed three times with PBS. Subsequently, 1 ml of S. enterica serotype typhimurium Sl1344 and E. coli etec DMeM suspension were transferred onto caco-2 monolayers, and then incubated at 37°c for 60 min in 5% co 2 / 95% air atmosphere. Following the incubation, caco-2 monolayers were washed three times with PBS. Adhering bacterial cells were detached with 0.1% tween 80, and after serial dilution in PBS, scored by plate counting in Macconkey agar. the adhesion inhibition assay was performed in triplicate.
Scanning electron microscopy
Bacterial attachment was also determined qualitively by scanning electron microscopy (SeM). Following the bacterial adhesion assay, the monolayers were fi xed with 2.5% gluteraldehyde in 0.1 M phosphate buffer (ph 7.2) for 1 h at room temperature. cells were then washed three times with phosphate buffer and postfi xed for 30 min with 2% O s o 4 in the same buffer, washed three times and dehydrated in a graded series (30, 50, 70, 80, 90, 100%) of ethanol. the cells were fi nally dried in a critical point drier (HCP-2, Hitachi, Japan) for 30 min and coated with gold using a Polaron Sc 502 sputter coater. the specimes were then examined with a scanning electron microscope (Jeol JSM 6060 lV, Jeol co. ltd., Akishima, Japan).
Hydrophobicity cell surface hydrophobicity of ll27 cells was determined according to the method of Vinderola and Reinheimer (55) . GM17 broth cultures of the strain were harvested by centrifugation (12000×g, 5 min, 5°c), washed two times with 50 mM K 2 hPo 4 , ph 6.5 buffer and resuspended in the same buffer. the optical density of the bacterial cell suspension at 560 nm was adjusted to approximately 1.0 with the buffer; 0.6 ml of n-hexadecane was added to 3 ml of the bacterial cell suspension, which was then vortexed for 120 s. the cell surface hydrophobicity was calculated according to the equation: Percent H = [(A 0 -A)/A 0 ] × 100 where A 0 is the absorbance before extraction with n-hexadecane, and A is the absorbance after extraction with n-hexadecane.
Determination of α,α-diphenyl-β-picrylhydrazyl (DPPH)
radical the scavenging of DPPh by Lactococcus lactis subsp. lactis LL27 was analyzed by a modifi cation method utilized by Blois (5) and lin and chang (29) . the scavenged DPPh was then monitored by measuring the decrease in absorbance at 517 nm. The scavenging ability was defi ned as follows:
Percent scavenging ability = 1 -× 100
where oD2 is the sample absorbance, and oD1 is the absorbance of the blank.
Iron ion-chelating ability the chelating ability of L. lactis subsp. lactis ll27 was determined by a modifi cation method utilized by Decker and Welch (10) . chelating activity was measured by following the decrease in absorbance at 562 nm. Blank samples contained only PBS. The chelating ability was defi ned as follows:
Percent chelating ability = 1 -× 100
where oD2 is the sample absorbance, and oD1 is the absorbance of the blank. 
Results and Discussion
Recently there has been an emerging focus of research on the probiotic activity of lactic acid bacteria despite an assumption that Lactococcus strains do not survive passage through the digestive tract (25) . Since these strains have a long history of safety in the food industry and they grow well in milk, lactococci are promising species to develop new probiotic organisms. the safety of the strain chosen as a probiotic requires an assessment at the first step of its selection as a potential probiotic (43) . L. lactis subsp. lactis ll27 belongs to the Lactococcus genus, a group that has a GRAS status. Another essential property for selecting a strain as a potential probiotic is the productive capacity of inhibitory substances that antagonize pathogenic strains (37) . the antimicrobial activity of nisin A producer ll27 (47) Table 1) .
Although there are a few reports concerning the inhibition of Gram-negative bacteria by lAB bacteriocins (20, 34, 42, 52) , there was no inhibition of growth of the tested Gram-negative bacteria in our experiments. if a broad inhibitory spectrum in LL27 were discovered, there would be significant advantages to the use of ll27 as a probiotic present in the Gi tract and thwarting the colonization of pathogenic bacteria. the results obtained from the study of the antibiotic resistance of L. lactis subsp. lactis ll27 using the disk diffusion method and Mic values are shown in Table 2 and Table 3 , respectively. ll27 was not inhibited by streptomycin, neomycin, polymyxin B, penicillin G, sulfadiazine, trimethoprim, rifampicin, sulfonamide and nalidixic acid. Among the antibiotics studied, the highest degree of resistance was reported for sulfonamide and polymyxin B, both with a MIC breakpoint ≥ 512 µg/mL. The indiscriminate use of antibiotics in human and veterinary medicine has become a primary reason for the development of drug resistance in microorganisms (40) . our data on the antibiotic susceptibility of LL27 is consistent with previous findings (22, 56) . For example, Walther et al. (56) reported that all of 72 isolates of lactococci (41 L. lactis, 31 L. garvieae) from bovine milk were susceptible to amoxicillin-clavulanic acid, gentamicin, penicillin and vancomycin. the resistance of ll27 to kanamycin, trimethoprim and nalidixic acid is also similar to previous findings (17, 22, 50) .
the viable counts of ll27 decreased from 98.88% at 0 h to 67.42% at 4 h after exposure to ph 3. however, at ph 2, the viability of ll27 was found to be 39.56% and 20.22% after 3 and 3.5 h exposure, respectively. no viable cells could be found after exposure to ph 2 for 4 h (Table 4) . the presence of pepsin (3%) at ph 2 was more inhibitory than at ph 3 for strain ll27. the percentage of cell viability was found to be 57.22% at ph 3 and 29.46% at ph 2 after a 3-hour incubation ( Table 5) . Strain ll27 retained its viability with little loss after a 4-hour incubation in the presence of pancreatin. the resistance of the strain to bile salts was lower than its resistance to pancreatin ( Table 6 ). L. lactis subsp. lactis ll27 showed relatively high resistance to low ph, bile salts, pepsin and pancreatin. the ll27 strain survived in a cultured cell line used as a model of the gastrointestinal tract, and incubated within a medium adjusted to both ph 2 and ph 3 and in the presence of 0.3% bile salts. the strain also survived after a 3-hour incubation in pepsin solution at both ph 2 and ph 3, with percent viability being 29.46% and 57.22%, respectively. We found this strain was also resistant to pancreatin, which after a 4 h exposure showed a viability of 83.24%. the pepsin-ph experiments were done to simulate the gastric biofluid; it should be noted that the gastric biofluid has a pH ranging from 1 to 3. Probiotic bacteria need to be able to survive the passage through the stomach and also the exposure to bile in the intestine (7, 14) . in our work, the number of viable cells in simulated gastric juice for ll27 was higher than that reported by various researchers who proposed their own isolates as potential probiotics (2, 25, 55, 59) . in the results from three independent adhesion experiments using two different cell lines performed in triplicate, strain ll27 showed an ability to adhere to caco-2 and ccl-221 cell lines as 13 ± 2.3 bacteria per microscopic field and 29 ± 2.6 bacteria per microscopic field respectively ( Fig. 1 shows the adhesion) . in the present study, caco-2 and ccl-221 cell lines were used as an in vitro model for intestinal epithelium. Some probiotic strains are poorly adhering in vitro or in vivo but still show positive salutary effects in the hosts (42) . Several researchers have also reported probiotic strains with low adhesion rate (1, 51) , but despite this finding, LL27 inhibits the adhesion of pathogenic bacteria with significant effect. todorov et al. (51) have reported that the extent of adhesion of Lactococcus lactis ssp. lactis hV219 to caco-2 cells was 7% of cFU after 2 h incubation. these results indicate that ll27 has a reduced ability to adhere to epithelial cells. on the other hand, its presence causes inhibition of pathogenic bacteria adhesion.
the adhesion of E. coli etec and S. enterica typhimurium Sl1344 to caco-2 cells was reduced to 73.69 ± 5.7% and 45.41 ± 4% respectively, when the cells were previously challenged with L. lactis subsp. lactis ll27. We employed scanning electron microscopy in order to visualize the interaction between ll27 and caco-2 cells. We observed that ll27 bacteria were actually internalized within both caco-2 and ccl-221 cells (Fig. 2 and Fig. 3) , with images showing invasion of ll27 within the mammalian cells. From these images we propose that the internalization of ll27 might possibly involve the expression of genes in the bacteria mediating the internalization of these bacteria within the cultured mammalian cells. internalization is an important a) b) c) property of pathogenic bacteria, such as Listeria, Salmonella and Shigella spp., which have shown the capacity to invade target cells and which have actually been used to deliver DnA constructs into mammalian cells (44) . nevertheless, the risk associated with possible reversion to a virulent phenotype of these pathogens is a major concern (13). At this point, we have determined that wild-type ll27 possesses an ability to internalize or be internalized within intestinal cells. in contrast, innocentin et al. (24) have reported that lactococci were noninvasive. On the basis of our own findings that L. lactis ll27 possesses an internalization property, we suggest the possibility that this organism might be exploited as a DnA vaccine delivery vehicle as well. Further molecular studies should be done to evaluate this potential role.
the hydrophobicity value of ll27 was 83.48 ± 1.45%, representing the mean of six experiments. the DPPh radicalscavenging activity of ll27 was found to be 75 ± 3%, the mean of triplicate experiments. this result indicates that the radical scavenging ability of intact cells contributes to their antioxidative effect. the determination of the role of hydrophobicity in microbial adhesion is based on the use of the very hydrophobic chemical substance n-hexadecane as valid qualitative phenomenological approach to estimate the ability of a strain to adhere to epithelial cells (36, 39) . in our study, the hydrophobicity value determined for the ll27 strain was higher than that for several lactic acid starter bacterial strains, ranging from 5.86 to 31.3% in this bacterial class, and compared also to several probiotic bacterial strains, ranging from 10.09 to 67.8%, which are values previously reported by Vinderola and Reinheimer (55) . it is believed that high surface hydrophobicity possess a competitive advantage to colonization as a result of stronger anchoring to the mucosal cell surfaces of the gastrointestinal tract (36, 51) . in contrast, ouwehand and Salminen (39) have demostrated that no correlation could be observed between cell surface hydrophobicity and the ability of bacterial cells to adhere to intestinal mucosa.
the iron ion-chelating ability of ll27 was found to be 29.5 ± 3%, the mean of triplicate experiments. this result indicates that ll27 can likely withstand high levels of oxygen (o 2 ). Free radicals are continuously produced in the use of oxygen in normal cellular biochemistry, such as during cell respiration and in the function of cells of the immune system (3) . the production of free radicals is also associated with the development of many pathological states (21) , and so the ability of ll27 to scavenge a particular free radical, DPPh, was studied. DPPh is a stable free radical, accepting an electron or hydrogen radical to become a stable diamagnetic molecule (21) . the free radical scavenging activity of the ll27 strain was analyzed in vitro. these experiments showed that Lactococcus lactis subsp. lactis ll27 possesses a significant free radical scavenging activity against the DPPH radical. Free radical scavenging is one of the mechanisms by which antioxidants inhibit lipid peroxidation (32, 45) . An in vitro ability of Lactobacillus and Bifidobacterium to quench free radicals has been reported in a few studies as well (29, 57) . These data, together with our findings, suggest that the DPPh radical scavenging activity is genus-, strain-and dosedependent.
the details of the molecular mechanism underlying DPPh quenching are not yet understood. transition metal-catalyzed production of extremely reactive RoS seems to play a central role in a generalized pathology related to cellular oxidative damage (30, 38) . the chelating ability of lactic acid bacteria could be due to the presence of physiological chelators which are present on the bacterial cell wall. that is why, intact cells were used in our study.
Conclusions
the results of this work indicated that ll27 has properties such that it can maintain its viability in the presence of pancreatin, pepsin and bile salts, and in the extremes of ph. Although the strain did not show a significant ability to adhere to Caco-2 and ccl-221 cell lines in our in vitro conditions, it nonetheless possesses a property that allows it to inhibit the adhesion of pathogenic bacteria. to our knowledge, we also provided the first report of antioxidative activity in the Lactococcus genus. A pathophysiological mechanism for oxidative stress in the colonic mucosa has been proposed in the pathogenesis of ulcerative colitis and colon cancer. however, determination of the ability of ll27 to adhere should be further explored since antioxidative potential may require a direct contact of the bacteria with intestinal epithelial cells. it should be considered that the in vitro inhibitory effect and the antioxidative ability of LL27 have to be confirmed in vivo.
